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ABSTRACT

W& began a three year study in 1987 to test the feasibility of using
sonar in the Togiak River to estimate sal non escapenents. Current

met hods rely on periodic aerial surveys and a counting tower at river
kil ometer 97. Escapenent estimates are not available until 10 to 14
days after the salnmon enter the river. Water depth and turbidity
preclude relocating the tower to the Iower river and affect the
reliability of aerial surveys. To determ ne whether an alternative
nmet hod coul d be devel oped to inprove the tinmeliness and accuracy of
current escapenent nonitoring, Bendix sonar units were operated during
1987, 1988, and 1990. Two sonar stations were set up opposite each
other at river kilonmeter 30 and were operated 24 hours per day, seven
days per week. Catches fromgill nets with 12, 14, and 20 cm stretch
nmesh, a beach seine, and visual observations were used to estinmate
speci es conposition. Length and sex data were collected from sal non
caught in the nets to assess sanpling bias.

In 1987, sonar was used to select optimal sites and enunerate coho
salmon.  In 1988 and 1990, the sites identified in 1987 were used to
estimate the escapenent of five sal non species. Sockeye sal non
escapenent was estimated at 512,581 and 589, 321, chinook at 7,698 and
15,098, chum at 246, 144 and 134,958, coho at 78,588 and 28, 290, and pi nk
at 96,167 and 131,484. Sonar estimates of sockeye sal non were two to
three tinmes the Al aska Departnent of Fish and Gane's escapenent estinmate
based on aerial surveys and tower counts. The source of error was
probably a conbinati on of over-estimating the total nunber of targets
counted by the sonar and by incorrectly estimati ng speci es conposition

Total sal nbn escapenent estimates using sonar may be feasible but

several nore years of devel opnent are needed. Because of the overl apped
salnon run timng, estimating species conposition appears the nost
difficult aspect of using sonar for managenent. Possible inprovenents

i nclude using a | arger beach seine or selecting gill net nesh sizes
evenly spaced between 10 and 20 cm stretch nesh.

Sal nmon counts at river kiloneter 30 woul d reduce the |lag tine between
salnon river entry and the escapenment estimate to 2-5 days. Any further
decrease in lag time, however, would require noving the sonar operations
downriver into | ess desirable braided portions of the river.
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| NTRCDUCT! ON

The Togi ak River, on Togiak National WIdlife Refuge, has runs of

chi nook (Oncorhynchus tshawytscha), chum (O keta), coho (O Kkisutch),
pi nk (O gorbuscha), and sockeye (O nerka) salnon (U S. Fish and
Wldlife Service 1986). These fish support subsistence, comercial, and
sport fisheries that are inportant to the culture and econony of the

| ocal area. The Al aska Departnment of Fish and Gane (Departnent) nanages
t he escapenent for the Togi ak River at 10,000 chi nook, 50,000 coho, and
150, 000 sockeye sal non annual ly (Al aska Departnent of Fish and Gane
1990). No specific Togi ak R ver escapenent goal for chum sal non has
been set, although the goal for the Togiak District, which includes fish
returning to several river systens, is 200,000. No escapenent goal is
set for pink sal non because they are not targeted by the comerci al
fishery. To conserve the resource and provide a sustained yield,
accurate and tinmely escapenent estinates are necessary for the
managenent of Togi ak Ri ver sal non

The Departnment uses tower counts, aerial surveys, and commercial catch
data to manage Togi ak River escapenent (Al aska Departnent of Fish and
Ganme 1990). At present, sockeye sal nbn escapenent estinmates are based
on tower counts at Togi ak Lake, 97 river kilonmeter (Rknm) from Togi ak
Bay. Fish were counted at the tower 10 to 14 days after they escaped
the conmercial fishery in Togi ak Bay (Brannian 1982). Because
commercial fishing is permtted about four days per week (Monday through
Thur sday), two fishing periods can occur before migrating fish reach the
tower, a considerable lag time for in-season nanagenent purposes.

Aerial surveys are used to supplenent the tower counts, but they are
often curtailed due to weather and turbid water conditions. The result
can be unequal coverage within a season and between years. Aerial
surveys provide only instantaneous, rather than total escapenent
esti mat es.

To provide a nore tinmely escapenent estinmate, the Departnent has nodel ed
the rel ati onshi p between conmercial fishing catch per unit effort and
sockeye sal non escapenent. The nodel is a relatively good estimator of
sockeye sal non escapenent when comrercial fishing is maintained at a

fi xed nunber of openings per week (Brannian 1982). However, during
years when runs are weak or if fishing pressure increases, the nunber of
openi ngs vary and the estimates becone i naccurate.

As an alternative to tower counts, aerial surveys, and catch nodeling,
sonar has been successfully used to estinmate daily sal non escapenent in
Al aska (Barton 1986, Wolington and Bue 1989, Daumet al. 1992). Unlike
t hese ot her met hods, sonar counters are not dependent on water clarity,
weat her conditions, or consistent comercial fishing effort. Present
sonar counters, however, are unable to distinguish between sal non
species with over-lapping mgration timng. Species conposition of the
mgration run is determ ned by naking direct tower observations,
collecting fish at weirs, or in seines and gill nets. The species
conposition is then used to apportion daily sonar escapenent estimates.
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The Departnent studied the practicality of using Bendix sonar to
estimate sal non escapenent into the Togiak River in 1983 and 1984 (R E
M nard, Al aska Department of Fish and Gane, personal conmunication).

The sonar was operated fromlate July through md August in 1983 bel ow
the Gechiak River (Figure 1). 1In 1984, the sonar system was operated
fromlate June to late July at several |ocations along the Togi ak River.
This research showed that the best sonar site was |ocated about one mile
upriver fromthe Pungokepuk River (Figure 1). Although the 1983 and
1984 sonar studies identified a suitable site to operate the sonar
problens with species apportionnent were encountered. Research was not
conducted in 1985 and 1986 due to funding constraints.

In 1987, the King Sal non Fishery Resource Ofice began a three year

study to further test the feasibility of using sonar to estimate sal non
escapenent into the Togiak River (Finn 1990). The 1989 sonar season was
post poned until 1990 due to funding constraints. Study objectives were:

(1) to determine the feasibility of using sonar to estimate Togi ak
Ri ver chi nook, chum coho, sockeye, and pink sal non
escapenent; and

(2) to estimate sockeye salnon nmigration time fromthe river nmouth
to the sonar site.

During the 1987 field season, sonar sites with potential for enunerating
sal non escapenent were found and alternative sites were tested (Finn
1990). Sonar counters were operated from 12 August-22 Septenber 1987;
after the peak migration period of all sal non species except coho. The
coho sal non escapenment was estimated at 68,427, although this estimte
is probably not accurate. Slow fish swi mmng speeds and mlling
behavior in and around the ensonified sanple area caused over-counting
problenms in 1987. |In addition, sonar operations had to be rel ocated or
shut down several times because of high water.

The enphasis of the 1988 and 1990 field seasons was to refine sonar use
by operating for sanple periods that bracketed the majority of the
mgration for all five sal non species and to increase gillnet and beach
seine sanpling effort. The sonar counters were nodified before the 1988
season to conpensate for the slow fish swi nm ng speeds encountered in

t he 1987 study.

This final report presents the results of the 1988 and 1990 sanpling
season. These data, along with the information fromthe 1987 progress
report (Finn 1990), are used to discuss the feasibility of using sonar
to enunerate adult salnon in the Togi ak River.

STUDY AREA

Togi ak River is located in southwestern Al aska and 70% of the river
drainage is situated within the Wl derness Area of the Togi ak Nationa
Wldlife Refuge (Figure 1). The climate is influenced by the maritine
regi me of Bristol and Kuskokwi m Bays, and the continental regine of
interior Alaska. Annual m nimum and maxi num air tenperatures average
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about -16°C and 16°C. Average annual precipitation is about 63 cm The
snowfal |l ranges from 152-172 cm al ong the coast to greater than 381 cm
in the nountains (U S. Fish and Wldlife Service 1986).

Togi ak Ri ver originates at Togi ak Lake (3,884 hectares) and fl ows about
97 Rkmto the south before draining into Togi ak Bay. The Togi ak Ri ver
drai nage (5,178 knt) is a conplex systemwith five mgjor tributaries and
nine major |akes (Figure 1). At Rkm 21, a channel of the Togi ak River
di verges fromthe main stemto formthe Twin Hills Cutoff. The Twin
Hlls Cutoff parallels the Togiak River and drains into Togi ak Bay 1.6
kmto the east. Above Rkm 21, the river is primarily confined to one
channel . Below Rkm 21, the river is often braided into nultiple
channel s.

At Rkm 30, the sonar site, the river is confined to a single channe
110 mwide with a maxi rumdepth of 2.5 mat |low water. During the

sunmer, the river will fluctuate 1.8 m between | ow water and fl ood

st age.

METHCDS
Sonar Operation

Bendi x Corporation 1977 and 1979 adult sal non sonar counters were used
in the study. Bendix Corporation (1981), Tarbox et al. (1983), and
Gaudet (1984) expl ained the sonar theory, equi pment setup, operation,
and calibration of Bendi x sonar counters.

The sonar counters were nodified before the 1988 season to conpensate
for the slow fish swimmng speeds that were observed in 1987 (Finn
1990). In 1987, the sonar signal rate was set to operate between 0.000-
0.999 pulses/s. In 1988 and 1990, the sonar signal rate for the 1977
counter was nodified to operate between 0.000-2.999 pul ses/s and the
1979 counter between 0.000-3.999 pul ses/s. The sonar counters were
preset to stratify the sonar beaminto 12 equal sectors and print fish
counts for each sector every hour. Sector 1 was closest to the
transducer.

King (1984) outlined the river characteristics required for riverine
sonar operation. The 1987 sonar site at Rkm 30 (Fi nn 1990) was used

t hroughout the study (Figure 1). Four sites were selected on the east
bank (E1, E2, E3, and E4) and two on the west bank (WL and W2) for sonar
equi prent pl acenent in 1988 and 1990 (Figure 2). East bank sites El and
E2 and west bank site WL were the sane sites used in the 1987 study
(Finn 1990). East bank site E3 and west bank site WL were the primary
sonar sites. The river channel depth profile was neasured using a

Low ance Eagl e Mach 1 recording echo sounder. A tenporary staff gauge
was installed during 1988 and 1990 at the east bank site E3. The
relative water |evel was neasured daily.

A sonar counter and transducer were set up on each side of the river
with the transducers offset about 50 m The transducer was nounted on a
portable tripod which all owed for manual horizontal and vertical aimng
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of the sonar beam A deflection weir was placed about 1 m downstream of
t he transducer and extended fromthe bank to approximtely 1 m beyond
each transducer. The weir was approximately 1 X 10 m and constructed
with steel fence posts and wire or plastic fencing with 5 X 10 or 5 X 5
cm openi ngs. The weir prevented upriver mgrating fish from passing
behi nd the transducer.

The sonar beam was ai med al ong the bottom such that the oscill oscope
detected the bottomevenly along the sanpling area, but the reflected
signal was weak enough that sonar equi pment did not count the substrate
as a valid target. To deternm ne whether the sonar counter was ai med and
counting correctly, a target was pulled through the expected sonar beam
counting range. The target was constructed froma wei ghted quart jar
filled with water and two to three ping pong balls. The ping pong balls
simul ated a fishes swimbladder. The target was attached to a
nmonof il ament |ine and was pulled through the sonar beam \Wen the
target crossed the sonar beam it registered a sharp spike or trace on
the oscill oscope and was recorded as a fish by the sonar counter

Sonar Cali bration

Sonar counters in 1988 and 1990 were calibrated by conparing valid
targets on the oscill oscope with counts registered by the sonar counter
every four to eight hours, with a mninumtarget goal of 30 oscill oscope
counts per calibration. A conparative value (Q was cal cul ated by

di vidi ng sonar counts by oscill oscope counts. The sonar counter was
assuned to be counting correctly when Q = 1.

The signal rate was adjusted to maintain the daily Qwithin a 20%

deviation range (0.80 < Q < 1.20). The fornula used to cal culate a new
signal rate (Ping) was:

PINGew = [((PINGDb * Q - PINGyp) / 2] + PINGyp

wher e:
PING = The NEW (after calibration) or OLD (before calibration)
signal rate
Q = The sonar count / oscill oscope count.

Vi sual counts were used periodically to validate the oscill oscope
counts. The estimated Q fromtower and oscilloscope counts were
conpared using a t-test at " = 0.05. The conparisons were limted to Q
estimated fromsectors 1 - 4 of the sonar counter because of the limted
range of the tower counts.

A Bi oSonics chart recorder (Mdel #115) was used to generate a pernmanent
(paper) echogram of fish passing through the sonar beam The chart
recorder was operated to determne whether it was a feasible alternative
to the oscill oscope for calibrating the sonar counter. The calibration
value (Q fromthe echogram and oscill oscope count were conpared using
t-tests and ANOVA (Sokal and Rohlf 1981) at the ' = 0.05 |evel



Sonar Counts

The hourly and daily sonar counts required two adjustnents. The first
adj ust ment conpensated for mssing hourly or daily sector counts. These
resulted fromeither false counts caused by debris, hard rain, and
passi ng boats; or mssed counts caused fromlow water |evels, periods
when the transducers were noved, or equipnment failure. M ssed hourly or
daily sector counts were estimated by averaging the two hourly or daily
counts before and after the missed sector count. For example, to
estimate the daily count for mssed day 3, the daily counts for day 1,
2, 4, and 5 were sumed and divided by 4. The second adj ustnent
corrected the daily count when the daily Q was not equal to 1. The
adjusted daily sonar count estimate used in 1988 and 1990 was nodified
fromthe estimate used in 1987 (Finn 1990). The adjusted daily sonar
count nodel ed after Sinmmons and Daum (1989) was:

G = [(XO/ ¥C) * ITd + X[(Q/ G) * Td
Wher e:
Q;m = The adjusted daily count.

O, = Oscilloscope count during calibration period
when the signal rate control is not changed.

C. = Sonar count during calibration period when the
signal rate control is not changed.

To = Total sonar count during four to eight-hour
calibration period when the signal rate control
i s not changed.

Q; = Oscilloscope count during calibration period
when the signal rate control is changed.

C; = Sonar count during calibration period when the
signal rate control is changed

Tg = Total sonar count during the four to eight-hour
calibration period when the signal rate control
i s changed.

Speci es Apporti onnent

The speci es apportionment of the adjusted daily sonar counts was

determ ned fromthe species conposition based on gill net and beach

sei ne catches and visual counts. Three different gill nets were used to
sanple mgrating salmon: a 18 mby 2.4 mgill net of 20 cm stretched
mesh; a 30.5 mby 2.4 mgill net of 14 cmstretched nesh; and a 30.5 m
by 2.4 mgill net of 12 cmstretched nmesh. Mesh size selection was
based on the nesh sizes used by the comercial fishery to catch chinook



pi nk and sockeye sal non. The beach seine was 45 mby 2.4 m and
consisted of 7.6 cmstretch nesh.

G Il nets were deployed as close to shore as possible w thout snagging
and were drifted for 1-2 minutes to mnimze nortalities. Three east
bank sites and three west bank sites were established and used at
different tines throughout the 1988 and 1990 study period (Figure 2). A
random stratified sanpling schedule (Scheaffer et al. 1979) was used to
sanmple salnmon with gill nets in 1988 and 1990. 1In 1988, five gill net
sets were drifted along each river bank over a two hour sanpling period.
Each two hour sampling period was randomy selected within a four hour
nmor ni ng (0700-1100), afternoon (1200-1600), and evening (1900-2300)
strata. In 1990, three to five gill net sets were drifted al ong each
river bank during a two hour sanpling period. Each two hour sanpling
peri od was randomy selected within an ei ght hour night (0000-0800), day
(0800-1600), and evening (1600-2400) strata. All fish caught were
identified to species, counted, and marked by punching a hole in the
caudal fin. Recaptured fish were not used in species conposition
esti mat es.

Beach seine sanpling sites were established on both the east and west
banks within 100 mof the sonar site (Figure 2). Initial beach seining
efforts enphasi zed determining feasibility and depl oynent methods and
usual Iy corresponded with periods of high fish passage.

Scaffold towers (5.5 m were set up on each side of the river near the
primary sonar sites. Tower counts were made from 10 July to 6 Septenber
1988 and from 25 June to 15 Septenber 1990. A set schedul e was not
establish for tower counts. Wen weather and |ighting conditions
permtted, counts were nade for 15 minutes. Because of the water depth
and clarity, counts were nade out to 15 mon the west side out to 32 m
on the east side. The tower counts were primarily used in conjunction
with gill netting to estinmate species conposition. Periodically, the
tower counts were use to check the sonar calibration

The m ni mum sanpl e si ze used for species conposition estinmtes was 100,
based on "™ = 0.1, and a maxi num acceptable error (d) = 0.1 (Thonpson
1987). Total sal non escapenent estinmates were cal cul ated by species,
day, and sonar site using a stratified sanpling procedure (Scheaffer et
al. 1979). The escapenent estinmate was:

/Njk = (G * IS\ijk)

\Wer e:

N

Njx = the estimated nunber of salnon of species i, on day j
whi ch mgrate past sonar site k.

G« = the total nunber sal non counted by sonar on

day j for site k.

P.jx = the proportion of salnon species i sanpled by gill net,
beach seine, or visual count, on day j, for site k



Al'l captured fish were neasured to the nearest cm (md-eye to fork

| engt h) and sexed using external norphol ogi cal characteristics. To
assess sanpling biases, differences in nmean | engths were conpared by
capture nethod (gillnet and seine) using ANOVA (™ = 0.05). The sex
rati os were conpared to a ratio of 1:1 using Chi-square test (' = 0.05).

Sal ron M gration Tine

The mgration tine fromthe river mouth to the sonar site was estinated
by graphically conparing commercial fishery catches in Togiak Bay wth
fluctuations in sal nobn escapenent past the sonar site. The analysis
assuned that closures in the fishery would result in increased nunbers
of fish past the sonar. The migration tinme between the sonar site and
the Departnent's tower site at Togi ak Lake was estimated by conparing

m gration patterns past each site. The escapenent nunbers were snoot hed
to highlight changes in run strength by using a three day noving average
of the daily estinate.

RESULTS
Sonar Operation

Sonar counters were operated at two east bank sites and one west bank
site in 1987 (Finn 1990). Four east bank sites and two west bank sites
we used during 1988 and 1990. East bank site E1 was used during high
water | evels; east and west bank sites E2 and W2 were used at noderately
hi gh water |evels; east and west bank sites E3 and W were used at
noderate to ow water flows; and east bank site E4 was used at | ow water
| evels. The sonar operated at sites E3 and WL the majority of tinme
during 1988 and 1990. The counting range on the East side was 61.0 m on
t he East bank and 30.5 mon the West bank (Figure 3). During the study
peri od, water levels fluctuated 1.8 min 1988 and 1.5 min 1990

(Figure 4).

Sonar Cali bration

Daily Qwere maintained within (0.8 - 1.2) 69% of the sanple period in
1987 (Finn 1990) conpared to 78% of the sanple period in 1988 and 77% of
the sanple period in 1990 (Figure 5).

The Q based on tower and oscill oscope counts were estimated concurrently
for the range between 0 and 8 m The estimated Q were not significantly
different (t=0.226, df=7, P=0.824).

The chart recorder was set to produce echograns for the area between the
transducer face and 4, 8, 20, and 40 m The estimated Q produced for
each di stance were not significantly different from each ot her
(F=2.331,3,32; P=0.093). The data were pool ed and conpared to Q
estimated concurrently using the oscilloscope. The estinmated Q were not
significantly different (t=1.325; df=35; P=0.194).
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Sonar Counts

Sonar counters operated for 42 days (12 August-22 Septenber) in 1987
(Finn 1990), 97 days (25 June-30 Septenber) in 1988, and 84 days (25
June-17 Septenber) in 1990. Only counts fromthe east bank were
possi bl e after August 22, 1990 because the west bank sonar broke down.
The season sal non escapenent estimate was 969,684 in 1988 and 908,590 in
1990 (Table 1). 1In 1988, the maxi mum daily sal non escapenent estinmate
was 35,282 on July 11, 1988 (Appendix A) and 29,194 on July 23, 1990
(Appendix B). The majority of sal non passed the sonar sites between

| ate June and early August during 1988 and 1990 (Figure 6). The east
bank sonar counter always had higher counts than the west bank counter
In addition, the sonar counts were highest in sectors 1-6 (Figure 7).

Speci es Apporti onnent

Sockeye sal nmon contributed the | argest proportion of fish to the tota
escapenent in 1988 (54% and 1990 (67% (Table 2). Sockeye sal non were
the first to migrate into the Togi ak River beginning in nid-June,
reachi ng peak nunmbers by mid-July, and tapering off in |ate-August
(Figure 8). Oher fish such as Dolly Varden and rai nbow trout al so
contributed to the total run size in 1988 (3% and 1990 (1% . Dolly
Varden nunbers peaked in |ate August and early Septenber while rai nbow
trout were counted periodically over the study period.

Sonar estimates were conpared to escapenent estimates nade by the
Departnent. The sonar escapenent estimates were hi gher than the
Departnment's estimates, especially in 1990 (Table 2). Only conparisons
for sockeye sal non escapenent were possi bl e because estimates nmade by
the Departnment for the other species were an index of run strength.

Tabl e 2. -Escapenent estimates for chinook, chum coho, pink and
sockeye sal non using sonar and by the Al aska Department of Fish and Gane
for the Togi ak Ri ver, Alaska during 1987, 1988, and 1990 (Al aska
Departnment of Fish and Gane 1989, 1990, 1991).

Escapenment Esti mate?

19877 1988 1990
Speci es ADFG Sonar ADFG Sonar ADFG Sonar
Chi nook - 2,408 - 7,698 - 15, 098
Chum - 46, 830 - 246, 144 - 134, 958
Coho - 68, 428 - 78, 589 - 28, 290
Pi nk - 1,730 - 96, 167 - 131, 484
Sockeye 278, 276 18, 002 309,012 512,581 189, 122 589, 321
Tot al 137,398 941, 179 899, 151

a  ADFG only estimtes sockeye sal non escapenent into the Togiak River.
b  The sonar estinmates are inconplete except for coho sal non. The sonar
was not operational until August 12, 1987.
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Approxi mately 17,000 and 10,000 fish were observed fromthe towers at
the sonar site in 1988 and 1990 (Table 3). Approxi mately 4,000 and
3,000 sal non were caught in gill nets during 1988 and 1990 (Table 4).
Sockeye sal mon were the nost abundant species caught in gill nets. In
1988, pink sal non conprised the nost abundant species observed fromthe
tower, while in 1990 sockeye sal non were the nost frequently observed
species. Mre chum sal non were caught in gill nets than pink sal non
Conversely, pink sal non were observed at a higher rate than chum sal non
fromthe tower. Chinook sal non were the | east frequent species sanpled
by the gill net and tower. Chinook sal non conprised 0.7 and 2.9% of the
total gill net catch and 0.3 and 0. 1% of the total tower count in 1988
and 1990.

Gl netting for species apportionnment was conducted on nost days except
when the river was flooding. Tower counts were sporadi c because view ng
conditions were weat her dependent. Wather conditions allowed counts to
be conducted 14% of the total available days. Light conditions limted
tower counts to between 9 amto noon and 2 pmto 5 pm Al fish could
be identified to species until coho sal non began entering the river in
August. Coho and fresh sockeye sal non could not be reliably identified
to species fromthe tower. Tower counts were also limted to sonar
sectors 1 through 4 because of water depth and clarity.

Mean | engths varied by sanpling nmethod (Table 5, Appendix C. The only
conpari son of gear type that was not significantly different (1988
t=0.290, P=0.77, df=467; 1990 t=1.195, P=0.23, df=175) was for sockeye

sal non caught in 12 cmgill net and in the beach seine. GCenerally,

| arger fish were caught by the larger nesh gill nets.

Most of the sal nbn were caught in the 12 and 14 cmgill nets (Table 5).
Most of the chinook sal non were caught in the 20 cmgill net. The beach

sei ne success was variable. Very few fish were caught using the beach
seine in 1988 while 15% of the total net sanple was caught in the beach
seine in 1990.

The sex ratios of salnmon caught in the gill nets and beach seine were
not significantly different from1:1 except chum and chi nook sal non
(Table 6, Appendix C). Mostly male chum sal non were caught in gill nets
while the sex ratio was not significantly different from21:1 for chum
caught in the beach seine. 1n 1988, the 20 cmgill net caught nostly
femal e chi nook sal non

Sal ron M gration Tine

A plot of the daily escapenent estimates fromthe sonar and the
Department's counting tower were superinposed (Figure 9). By shifting
the sonar counts 3 days later, the run timng is alnost identical in
1988 (Figure 10). The pattern was nore variable in 1990. Before July
21, shifting the sonar counts 3 days caused the patterns to coincide.
After July 21, shifting the sonar counts by 1 to 2 days caused the
patterns to coincide.
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Table 6.-Sex ratio (Ml es: Femal es) of chinook, chum coho, pink, and
sockeye sal non captured in 20 cm 14 cm and 12 cmgill nets and in the
beach seine in the Togi ak River, Al aska during 1988 and 1990. The (+)
indicates the ratios were signicantly different from1:1 at P>0. 05,

Df =1.

Cear Type
Speci es
20 _cm 14 cm 12 cm Beach Sejine

1988
Chi nook
Chum i: 6.8+ 1: 0.9+ i: 0.2+ 1:00.5
Coho 0.0 : 1 1: 1.3 1: 1.1 0
Sockeye 1: 0.4 1: 1.2 1: 1.4 1 1.2

1990
Chi nook
Chum i: 0.6+ 1: 0.8+ i1: 0.0+ .0 p. 8
Coho 0 0 1: 0.9 0
Pi nk 0 1: 0.0+ 1: 1.1 1: 1.1
Sockeye 1: 1.7 1: 0.9 1: 0.8 1: 1.4
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The patterns of catches in the comrercial fishery and escapenent past
the sonar site were used to estinmate mgration tinme fromthe river nouth
to the sonar site (Figure 11). In July, shifting the comrercial catch
dates two days fit the escapenent pattern best. |In August, shifting the
commercial catch four days fit the escapenent pattern best.

DI SCUSSI ON
Escapenent Esti nates

The overall accuracy of the sonar estimates was difficult to neasure.
Conpari sons between sonar and the Departnent’'s escapenent estimtes were
only possible for sockeye sal non. Escapenent estimates for other
speci es were an i ndex and not conparable to the sonar counts.

Theoretically, the sonar counts should underestinmate the tota
escapenent. The sonar site was above two Togi ak River tributaries and
wi || never account for 100% of the sal non escapenment. O her nethods
will need to be used (aerial survey or weirs) in addition to the sonar,
to account for the total escapenent. Also, the sonar was not capabl e of
covering the entire river width and sone fish nmigrated beyond the sonar
detection range. However, the mpjority of sal nobn appear to mgrate near
shore. No adjustment of the sonar count was made for fish noving
beyond the sonar's counting range. System shutdowns caused by debris or
boat traffic should al so cause the sonar count to be an underesti nmate.
No adjustment to the sonar count was attenpted during these shutdowns as
it was assumed the nunber of fish migrating during the shutdown was
relatively mnor. The counts were adjusted if the shutdown becane
protracted.

I nstead of underestimating the salnon run size, the sonar appeared to
over-estimte escapenent. The 1988 and 1990 sockeye sal non sonar
escapenment estimates were two to three tines higher than the
Department's estimates. The source of error could be produced by either
over-estimating the total nunber of targets counted by the sonar or by
incorrectly estimating species conposition of the run

The sonar beam adjustnent and calibration could cause the total nunber
of targets to be over-estimated. However, based on the oscill oscope
picture and the artificial fish, the sonar beam was adjusted correctly.
In addition, daily Q stayed within acceptable calibration |evels the
majority of sanple periods. On those occasi ons when Q exceeded the
acceptabl e threshold, daily sonar counts were adjusted. Tower counts
provided the nost direct calibration of the sonar data and were in
agreenment with oscilloscope counts the mgjority of time. Unfortunately,
poor weather and limted acceptable lighting conditions prevented using
tower counts as a consistent calibration nethod. The tower counts were
also limted to the near shore sectors.

Calibration of the Bendix sonar becanme nore difficult as the popul ation
shifted fromprimarily a single species to nulti-species mgration

Each speci es had varying seasonal, diel, and spatial mgration patterns.
VWhen properly calibrated to count higher concentrations of medi umsized
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coho and sockeye sal non, the sonar counters under-counted the smaller
faster pink and sockeye sal non, and over-counted the |arger, slower

chi nook and chum sal non. To assure accurate escapenent estinmates, the
sonar counters should be calibrated at |east every 4 hours to conpensate
for varying fish size and swi mi ng speed.

Most of the calibration in the study relied on conparisons between
osci |l | oscope and sonar counts. The oscilloscope provided an

i nst ant aneous count that could then be conpared with the sonar count.
However, calibrating the counter based on the oscill oscope required
consi der abl e experi ence and once the count was nmade by the operator, no
verification of the count could be made. To reduce operator error and
provi de a permanent data record of the calibration, an echogram was
produced using a chart recorder in 1990. The echogramwas found to
provide the same Q as the oscilloscope and the tower. |In addition, it
provi ded a permanent paper record that could be interpreted by severa
peopl e. Future operations should use the echogramas the primary
calibration tool and use the oscilloscope to verify and backup the chart
recorder.

External factors probably contributed the majority of error to total
escapenent estimates. Debris, bubbles from outboard notor cavitation
and hard rain inflated total counts. It was not unusual to observe the
sonar counter recording 50-100 extra counts, within a few m nutes, as
debris or boat traffic went through the sonar beam On severa
occasions during very hard rain, the counters recorded hundreds of false
counts. Shutting down sonar operations or discardi ng perceived fal se
count data interfered with normal sonar counting. |If many fish were

m grating past the sonar counter, the subtle differences in beginning
and endi ng fal se count episodes were difficult to detect. No adjustnent
to the data were made in these circunstances. The counter was sinmply
shut off for a short tinme and any fish that passed during that period
were not counted. |If the period of disturbance was prol onged, the count
was di scarded and the m ssing data were interpol ated.

In addition to physical factors, mlling behavior of adult sal non around
t he ensonified sanple area caused over counting. Sonme fish were
observed fromthe counting towers maintaining position within the sonar
beam and running up many false counts. MIlling fish could be forced to
nove, but they probably returned during periods when detection by tower
observations were not possible. Qher than direct observation, no other
adjustnments to the data were possible. As long as visual observation
were possible, false counts caused by mlling fish could be deducted
fromthe daily sonar count. |Inconsistent tower counts caused by poor
light and turbid conditions nade the use of this accounting nethod
unrel i abl e.

Anot her behavi oral factor caused an irregularity during 1990 which
probably contributed to a severe over-estimate of total escapenent.
During md-July, the sonar and oscill oscope counts were doubl e those of
the tower count. Upon further inspection, nunerous juvenile sal nonids
wer e di scovered swi mming around the transducer face. Magrating juvenile
fish would not normally register on the sonar counter, however, by

mai ntai ning their position directly in front of and around the
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transducer face, they were counted as adult fish. At that tine, the
water | evel was |ow and the transducer face and tripod provi ded water
vel ocity breaks and cover for juvenile fish. Moving the transducer
further fromshore into faster current elimnated the over counting.
The nunber of erroneous daily sonar counts considered acceptable is
unknown.

Despite mlling behavior and physical factors, estimating total target
nunber appears to be possible. At the end of the three year project,
addi ti onal research was needed before sonar could be enployed to
estimate sal non run strength. Wth know edge and experi ence, sone
probl ens associated with sonar operation nay be easy to correct while
others may al ways cause the accuracy to be questioned. Recent

i nprovenents in sonar equi prent for counting fish in the riverine
environnent may help to nore reliably estinmate total escapenent.

Speci es apportionnent is a separate and probably greater problemthan
sonar estimates of total run size. Species apportionnent of the daily
sonar count was dependent upon random sanpling of the fish popul ation
For various reasons, the tower counts, gill netting, and beach seining
probably viol ated the assunptions of random sanpling.

The | arge sanmple size fromtower counts primarily influenced species
apportionnent. However, tower counts were limted to near shore areas
and to periods of adequate visibility. Tower counts were only conducted
during md-day because of lighting conditions. G| net sanples showed
diurnal variations in species conposition. Using tower counts from m d-
day to drive species conposition estimates for the entire day may not be
appropriate. Tower counts were also limted by turbidity and poor
surface conditions during rain and wind events. During the early and

| ate season, water clarity prevented reliable tower counts. The overal
bi as of the tower counts is unknown.

Very few chi nook sal non were observed fromthe tower. (Cbservations by
the sanpling crew noted that chinook sal non migrate near the nmiddle of
the river well beyond reliable tower counting range. Chinook sal non
conprised a smaller proportion of the total tower sanple than the tota
gill net sanple. Wth tower counts primarily influencing species
apportionnent, chinook sal mon were probably underesti mat ed.

Differences in sex ratios reveal ed that chum sal nron may not have been
representatively sanpled during the three year study. During gill net
sanmpling efforts, nore mal e chum sal non were captured than fenal es.
Breedi ng mal es devel op a pronounced hooked kype, gaping nouth, and | arge
teeth which increased their vulnerability to entanglenent. On the
Chandal ar River, Daum (1991) found that gill net sanples produced a nale
to female sex ratio of 1.0:0.5 conpared to a sex ratio of 1.0:1.0 for
carcass sanmples. Catching a disproportionate nunber of male chum sal non
woul d cause other species to be underesti mated.

O her biases were also evident with gill nets. The gill net nesh size

i nfluenced the size and nunber of fish caught. The different gill nets
were nore efficient at catching sel ected species and did not sanple the
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run in proportion to the run strength. The validity of species
apportionnent based on gill net catches could not be judged.

In addition to gill nets, a beach seine was used to sanple sal non
popul ati ons. The beach seine worked well on the east bank, but not

al ong the west bank, where bottom contours, |arge cobble, and boul ders
made seining difficult. |In general, the beach seine was | ess efficient
than gill nets but may not be as biased. Chum sal non sexes were caught
i n equal proportions. Because chinook salnmon migrate up the m ddl e of
the river, they may not be susceptible to capture in the beach seine.

Because of the overlapped run timng of salnmon entering the river,
determ ni ng speci es conposition appears the nost difficult aspect of
estimating escapenent. The Departnent has used gill nets to estimate
speci es conposition on the Nushagak R ver and concl uded that gil
netti ng adequately describes species conposition (Wolington and Bue
1989). However, with the biases identified in this study, additiona
verification of gill net catches are needed on the Togiak River. GII
nets may be a viable tool for species apportionnment but the nmesh size
shoul d not be selected based on its effectiveness for a particul ar
species. Instead, the gill net web size should be evenly spaced
intervals between 10 and 20 cm stretch nesh. W recommend that other
met hods to estinmate species conposition also be explored. A possible
alternative would be a | arger beach seine.

Sal ron M gration Tine

The sonar | ocation at Rkm 30 coul d provide sal non escapenent estimates
within 2 to 4 days of the fishery. Any further decrease in lag tine,
however, would require noving the sonar operations downriver into |ess
desirabl e brai ded portions of the river and woul d require doubling

equi prent and crew if a suitable operational site can be found. Moving
to a lower river site may add conplicating factors such as the tida

i nfl uence on fish behavi or

Approxi mately 3 days are needed for fish to pass fromthe sonar site to
Togi ak Lake and approximately 5 to 7 days are needed for the fish to
mgrate fromthe river nouth to Togi ak Lake. Brannian (1982) esti mated
t hat sockeye sal non reach the Departnment counting tower (Rkm 97) 10-14
days after the fish enter the river. The reason for the difference in
the two estimates is unclear. The relationship of run timng variation
(maxi ma and m ni ma) between the tower counts and the sonar are very
strong, especially in 1988. The relationship between the comerci al
opening in Togi ak Bay and escapenent past the sonar site is |ess
definite. However, observations by the sonar nonitoring crew estimated
a lag period of 3 days between a comercial fishery closure and an

i ncrease in escapenent past the sonar site. The graphica
interpretation of 2 to 4 days support the nmonitoring crew s estimate.

Concl usi ons
Sonar is an expensive tool requiring considerable technical expertise to

operate. Wth five salnon species mgrating up the Togi ak river,
accurate escapenent estimates for each species nmay be inpossible wthout

30



conmitting considerably nore resources to the project. Before sonar is
used for sal non managenent on the Togi ak River, species apportionnent
bi as needs to be solved. Provided river norphol ogy has not changed
since this project was conplete, using sonar for fishery managenent
probably needs three to five additional field seasons to develop with

t he understandi ng that sonar may eventual ly prove unfeasible on the
Togi ak Ri ver.
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APPENDI X A

Appendi x Al.-Adjusted daily sonar count and species conposition on

t he east bank of the Togi ak R ver, Alaska during June-Septenber 1988.
Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
06/ 25 908 908 0 0 0 0 0
06/ 26 1,415 1,415 0 0 0 0 0
06/ 27 2,680 2,680 0 0 0 0 0
06/ 28 2,565 2,565 0 0 0 0 0
06/ 29 8, 409 8, 409 0 0 0 0 0
06/ 30 5,118 4,841 0 277 0 0 0
07/ 01 6, 331 6, 030 0 301 0 0 0
07/ 02 5, 248 4,771 0 477 0 0 0
07/ 03 10, 053 9, 681 0 372 0 0 0
07/ 04 14, 612 13, 727 0 886 0 0 0
07/ 05 12, 825 12, 228 0 596 0 0 0
07/ 06 10, 979 10, 810 0 169 0 0 0
07/ 07 5,034 4,937 0 97 0 0 0
07/ 08 6, 459 5, 980 0 478 0 0 0
07/ 09 7,342 6, 798 0 544 0 0 0
07/ 10 9,051 8, 381 0 670 0 0 0
07/ 11 13, 545 12, 900 0 645 0 0 0
07/ 12 15, 328 14,834 0 0 0 0 494
07/ 13 11, 967 7,793 0 3,618 0 0 557
07/ 14 14, 769 10, 667 0 2,051 0 821 1,231
07/ 15 7,760 6, 518 155 931 0 155 0
07/ 16 10, 051 8, 443 201 1, 206 0 201 0
07/ 17 15, 201 12,769 304 608 0 0 1,520
07/ 18 14, 740 12,381 295 590 0 0 1,474
07/ 19 16, 666 13, 332 0 2,976 0 0 357
07/ 20 21, 218 16, 974 0 3,789 0 0 455
07/ 21 15, 020 7,897 465 5,729 0 0 929
07/ 22 11,974 6, 295 370 4,567 0 0 741
07/ 23 12, 420 6, 530 384 4,737 0 0 768
07/ 24 5, 355 2,816 166 2,043 0 0 331
07/ 25 2,932 1,595 0 1, 080 0 51 206
07/ 26 3,331 1,812 0 1, 227 0 58 234
07/ 27 6, 410 975 0 4,737 0 418 279
07/ 28 5,512 349 0 4, 465 0 349 349
07/ 29 6, 241 395 0 5, 056 0 395 395
07/ 30 4,162 263 0 3,372 0 263 263
07/ 31 4,846 307 0 3,926 0 307 307
08/ 01 3,473 316 0 2,561 0 421 175
08/ 02 3,773 1, 217 0 2,069 0 365 122
08/ 03 2,500 807 0 1,371 0 242 81
08/ 04 3,477 1, 159 0 1, 159 0 1,159 0
08/ 05 3,133 1, 044 0 949 0 1,044 95
08/ 06 3, 450 1, 150 0 1, 045 0 1,150 105
08/ 07 2,082 694 0 631 0 694 63
08/ 08 2,967 1,127 0 653 0 1,127 59
08/ 09 5, 378 2,069 0 2,207 138 827 138
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Appendi x Al. - Conti nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
08/ 10 3,823 1, 330 0 1, 496 83 831 83
08/ 11 3,062 340 0 454 227 1,814 227
08/ 12 1,784 191 0 255 127 1,083 127
08/ 13 5,109 414 0 1,519 276 2,624 276
08/ 14 13,578 1,101 0 4,037 734 6,972 734
08/ 15 10, 800 2,531 0 2,363 0O 5,906 0
08/ 16 9,932 1, 655 0 1,931 1,380 4,690 276
08/ 17 13, 829 1,133 0 1, 587 1,814 9,068 227
08/ 18 11, 626 3,033 0 1,011 758 6,571 253
08/ 19 6, 202 1,691 0 451 451 3,157 451
08/ 20 7,913 2,158 0 575 575 4,028 575
08/ 21 6,117 1, 668 0 445 445 3,114 445
08/ 22 6, 370 1,416 0 0 4,483 236 236
08/ 23 5,773 902 0 180 2,345 2,345 0
08/ 24 5,276 879 0 220 2,418 1,649 110
08/ 25 2,748 358 0 119 1,792 478 0
08/ 26 3,491 304 0 152 2,277 455 304
08/ 27 4,552 705 0 192 2,372 1,218 64
08/ 28 4,236 656 0 179 2,207 1,134 60
08/ 29 2,859 102 0 0 2,348 306 102
08/ 30 4,248 89 0 89 3,098 797 177
08/ 31 1, 543 66 0 0 1,084 361 33
09/ 01 1,783 17 17 35 1, 346 367 0
09/ 02 2,222 106 0 106 1,772 212 26
09/ 03 1,741 83 0 83 1, 389 166 21
09/ 04 1, 656 79 0 79 1,321 158 20
09/ 05 2,982 142 0 142 2,378 284 35
09/ 06 2,845 0 0 0 2,149 632 63
09/ 07 2,808 134 0 67 2,273 334 0
09/ 08 3, 605 0 0 0 3,051 555 0
09/ 09 710 11 0 0 612 76 11
09/ 10 878 14 0 0 756 95 14
09/ 11 794 12 0 0 684 86 12
09/ 12 725 0 0 54 671 0 0
09/ 13 854 0 0 0 831 24 0
09/ 14 831 44 0 0 743 44 0
09/ 15 822 46 0 30 639 91 15
09/ 16 1, 213 23 0 0 1, 166 0 23
09/ 17 1, 067 65 0 0 938 32 32
09/ 18 639 39 0 0 562 19 19
09/ 19 1, 461 89 0 0 1, 284 44 44
09/ 20 692 42 0 0 608 21 21
09/ 21 706 43 0 0 620 21 21
09/ 22 473 27 0 0 392 9 45
09/ 23 434 22 0 0 326 0 87
09/ 24 1,074 49 0 0 806 0 220
09/ 25 345 12 0 0 259 0 74
09/ 26 219 6 0 0 169 0 44
09/ 27 208 0 0 0 176 0 33
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Appendi x Al. - Conti nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
09/ 28 315 0 0 0 266 0 49
09/ 29 334 0 0 0 282 0 52
09/ 30 346 0 0 0 292 0 54

Tot al 528, 357 283,413 2,357 92, 717 60,192 72,157 17,522

Appendi x A2.-Adjusted daily sonar count and speci es conposition on
t he west bank of the Togi ak R ver, Alaska during June-Septenber 1988.

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
06/ 25 594 535 0 59 0 0 0
06/ 26 813 732 0 81 0 0 0
06/ 27 1, 540 1, 386 0 154 0 0 0
06/ 28 1,474 1, 327 0 147 0 0 0
06/ 29 3, 280 2,952 0 328 0 0 0
06/ 30 2,070 1,863 0 207 0 0 0
07/ 01 2,043 1, 839 0 204 0 0 0
07/ 02 5,976 5, 378 0 598 0 0 0
07/ 03 9, 845 8, 861 0 985 0 0 0
07/ 04 15, 339 14,974 0 365 0 0 0
07/ 05 11, 976 11, 976 0 0 0 0 0
07/ 06 12, 559 11, 617 0 942 0 0 0
07/ 07 6, 967 4,877 139 1,951 0 0 0
07/ 08 9, 617 7,012 0 2, 605 0 0 0
07/ 09 8, 695 6, 340 0 2,355 0 0 0
07/ 10 14, 404 10, 503 0 3,901 0 0 0
07/ 11 21, 737 21, 254 0 0 0 0 483
07/ 12 16, 726 14, 479 0 1,747 0 0 499
07/ 13 9, 884 8, 449 159 797 0 0 478
07/ 14 10, 976 7,913 0 2,042 0 0 1,021
07/ 15 9, 429 7,351 0 1,918 0 0 160
07/ 16 18, 007 14,039 0 3, 662 0 0 305
07/ 17 17, 448 13, 604 0 3, 549 0 0 296
07/ 18 15, 620 12,178 0 3,177 0 0 265
07/ 19 8,121 2,780 0 5,121 0 0 219
07/ 20 12, 045 4,124 0 7,596 0 0 326
07/ 21 13,919 3,977 153 9, 330 0 0 459
07/ 22 6, 402 1,829 70 4,291 0 0 211
07/ 23 10, 585 3,024 116 7,095 0 0 349
07/ 24 5,292 1,512 58 3,548 0 0 174
07/ 25 5, 644 376 0 4,741 0 75 452
07/ 26 7,967 531 0 6, 692 0 106 637
07/ 27 7,504 0 259 7,245 0 0 0

36



Appendi x A2. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
07/ 28 7,522 0 259 7,263 0 0 0
07/ 29 6, 241 0 215 6, 026 0 0 0
07/ 30 7,529 0 260 7,270 0 0 0
07/ 31 13, 263 0 457 12, 805 0 0 0
08/ 01 8,422 298 0 7,304 0 149 671
08/ 02 3,608 589 0 2,651 0 147 221
08/ 03 7,777 1, 270 0 5,714 0 317 476
08/ 04 8,478 807 807 6, 258 0 404 202
08/ 05 3,135 440 220 2,255 0 165 55
08/ 06 2,534 356 178 1,822 0 133 44
08/ 07 2,311 324 162 1,662 0 122 41
08/ 08 2,564 584 162 1, 493 65 130 130
08/ 09 1,872 839 129 452 129 65 258
08/ 10 2,837 1, 150 153 690 230 307 307
08/ 11 1,630 598 109 163 109 543 109
08/ 12 2,331 282 0 141 0 1,907 0
08/ 13 2,163 372 34 169 0O 1,588 0
08/ 14 1,676 288 26 131 0 1,231 0
08/ 15 3,785 1, 500 286 214 143 1,428 214
08/ 16 4,143 1,792 224 392 224 1,288 224
08/ 17 2,491 740 0 269 337 942 202
08/ 18 2,025 760 0 253 217 687 109
08/ 19 1,125 543 78 155 39 310 0
08/ 20 1, 020 493 70 141 35 281 0
08/ 21 790 382 55 109 27 218 0
08/ 22 771 276 29 73 145 247 0
08/ 23 1,199 339 0 26 339 443 52
08/ 24 1, 402 386 70 0 245 456 245
08/ 25 481 101 51 0 139 114 76
08/ 26 1,622 344 98 0 737 246 197
08/ 27 1, 699 360 103 0 772 257 206
08/ 28 1, 048 222 64 0 477 159 127
08/ 29 1,822 347 87 43 911 217 217
08/ 30 1, 560 439 0 49 975 0 98
08/ 31 1,035 94 0 0 377 565 0
09/ 01 3,148 215 0 0 1,502 1,431 0
09/ 02 2,684 316 0 0 1,263 1,105 0
09/ 03 1,671 197 0 0 787 688 0
09/ 04 1,721 202 0 0 810 709 0
09/ 05 1,491 175 0 0 701 614 0
09/ 06 1,168 137 0 0 550 481 0
09/ 07 965 90 0 0 528 332 15
09/ 08 847 78 0 0 469 287 13
09/ 09 652 60 0 0 361 221 10
09/ 10 411 38 0 0 227 139 6
09/ 11 410 38 0 0 227 139 6
09/ 12 1,979 183 0 0 1, 096 670 30
09/ 13 535 49 0 0 296 181 8
09/ 14 379 35 0 0 210 128 6
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Appendi x A2. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
09/ 15 473 44 0 0 262 160 7
09/ 16 805 74 0 0 446 272 12
09/ 17 504 46 0 0 279 170 8
09/ 18 419 39 0 0 232 142 6
09/ 19 539 50 0 0 298 182 8
09/ 20 388 36 0 0 215 131 6
09/ 21 268 25 0 0 148 91 4
09/ 22 214 20 0 0 118 72 3
09/ 23 155 14 0 0 86 53 2
09/ 24 83 8 0 0 46 28 1
09/ 25 27 2 0 0 15 9 0
09/ 26 78 7 0 0 44 26 1
09/ 27 215 20 0 0 120 72 3
09/ 28 162 15 0 0 91 54 2
09/ 29 270 25 0 0 151 90 4
09/ 30 257 23 0 0 144 86 4
Tot al 441, 327 229,168 5,341 153,427 18,397 24,010 10,983

Appendi x A3. - Adj usted daily sonar count and speci es conmposition on

bot h banks of the Togi ak River, Al aska during June-Septenber 1988.
Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
06/ 25 1,502 1, 442 0 59 0 0 0
06/ 26 2,228 2,147 0 81 0 0 0
06/ 27 4,220 4, 066 0 154 0 0 0
06/ 28 4, 039 3,892 0 147 0 0 0
06/ 29 11, 689 11, 361 0 328 0 0 0
06/ 30 7,188 6, 704 0 484 0 0 0
07/ 01 8,374 7,869 0 506 0 0 0
07/ 02 11, 223 10, 149 0 1075 0 0 0
07/ 03 19, 898 18, 542 0 1357 0 0 0
07/ 04 29,951 28, 700 0 1251 0 0 0
07/ 05 24,801 24,204 0 596 0 0 0
07/ 06 23,538 22,427 0 1111 0 0 0
07/ 07 12,001 9, 814 139 2048 0 0 0
07/ 08 16, 075 12,992 0 3083 0 0 0
07/ 09 16, 037 13,138 0 2899 0 0 0
07/ 10 23, 455 18, 884 0 4572 0 0 0
07/ 11 35, 282 34, 154 0 645 0 0 483
07/ 12 32,054 29, 312 0 1747 0 0 994
07/ 13 21, 851 16, 242 159 4415 0 0 1,035
07/ 14 25, 745 18, 579 0 4093 0 821 2,252
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Appendi x A3. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
07/ 15 17, 189 13, 869 155 2,849 0 155 160
07/ 16 28, 058 22,482 201 4,869 0 201 305
07/ 17 32, 649 26, 372 304 4,157 0 0 1, 816
07/ 18 30, 360 24,560 295 3,767 0 0 1,739
07/ 19 24,787 16, 113 0 8, 097 0 0 577
07/ 20 33, 263 21,098 0 11, 385 0 0 780
07/ 21 28, 938 11, 874 617 15, 059 0 0 1, 388
07/ 22 18, 376 8,125 441 8, 859 0 0 952
07/ 23 23, 005 9, 554 500 11, 833 0 0 1,117
07/ 24 10, 648 4,328 224 5, 590 0 0 506
07/ 25 8,577 1,971 0 5,821 0 127 657
07/ 26 11, 298 2,343 0 7,920 0 165 871
07/ 27 13,914 975 259 11, 983 0 418 279
07/ 28 13, 034 349 259 11, 728 0 349 349
07/ 29 12, 482 395 215 11, 082 0 395 395
07/ 30 11, 691 263 260 10, 641 0 263 263
07/ 31 18, 108 307 457 16, 731 0 307 307
08/ 01 11, 894 614 0 9, 865 0 570 846
08/ 02 7,381 1, 806 0 4,720 0 512 343
08/ 03 10, 278 2,076 0 7,085 0 559 557
08/ 04 11, 955 1, 966 807 7,417 0O 1,563 202
08/ 05 6, 268 1,484 220 3, 205 0 1,209 150
08/ 06 5,983 1, 506 178 2,868 0O 1,283 149
08/ 07 4,393 1,018 162 2,293 0 816 104
08/ 08 5,531 1,712 162 2,146 65 1,257 189
08/ 09 7,251 2,908 129 2,659 267 892 396
08/ 10 6, 660 2,480 153 2,186 313 1,138 390
08/ 11 4,692 938 109 617 335 2,358 335
08/ 12 4,114 474 0 396 127 2,990 127
08/ 13 7,272 786 34 1,688 276 4,212 276
08/ 14 15, 254 1, 389 26 4,168 734 8,203 734
08/ 15 14, 585 4,031 286 2,577 143 7,335 214
08/ 16 14, 075 3, 447 224 2,323 1,603 5,978 500
08/ 17 16, 319 1,874 0 1, 856 2,150 10,010 429
08/ 18 13, 651 3,792 0 1, 264 975 7,258 361
08/ 19 7,327 2,235 78 606 490 3,468 451
08/ 20 8,933 2,651 70 716 611 4, 310 575
08/ 21 6, 908 2,050 55 554 472 3,332 445
08/ 22 7,141 1,692 29 73 4,628 483 236
08/ 23 6,972 1, 241 0 206 2,684 2,788 52
08/ 24 6,678 1, 265 70 220 2,663 2,104 355
08/ 25 3,229 460 51 119 1,931 592 76
08/ 26 5,113 648 98 152 3,014 701 500
08/ 27 6, 251 1, 066 103 192 3,144 1,476 270
08/ 28 5,284 879 64 179 2,684 1,292 187
08/ 29 4,681 449 87 43 3, 259 523 319
08/ 30 5, 808 527 0 137 4,073 797 275
08/ 31 2,579 160 0 0 1, 460 926 33
09/ 01 4,931 232 17 35 2,849 1,798 0
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Appendi x A3. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
09/ 02 4,906 422 0 106 3,036 1,317 26
09/ 03 3,413 280 0 83 2,175 854 21
09/ 04 3,377 281 0 79 2,130 866 20
09/ 05 4,473 317 0 142 3,080 898 35
09/ 06 4,013 137 0 0 2,699 1,113 63
09/ 07 3,772 224 0 67 2,800 666 15
09/ 08 4, 453 78 0 0 3,520 841 13
09/ 09 1,363 71 0 0 973 297 21
09/ 10 1, 289 51 0 0 984 234 20
09/ 11 1,204 50 0 0 911 224 19
09/ 12 2,704 183 0 54 1,767 670 30
09/ 13 1, 389 49 0 0 1,127 205 8
09/ 14 1, 210 79 0 0 953 172 6
09/ 15 1,295 89 0 30 901 252 23
09/ 16 2,018 98 0 0 1,612 272 36
09/ 17 1,571 111 0 0 1, 217 203 40
09/ 18 1, 058 77 0 0 794 161 26
09/ 19 1,999 138 0 0 1,582 227 53
09/ 20 1, 080 78 0 0 823 152 27
09/ 21 974 68 0 0 769 112 26
09/ 22 687 46 0 0 511 81 48
09/ 23 590 36 0 0 412 53 89
09/ 24 1, 157 56 0 0 852 28 221
09/ 25 371 15 0 0 273 9 74
09/ 26 297 13 0 0 213 26 45
09/ 27 423 20 0 0 296 72 36
09/ 28 477 15 0 0 357 54 52
09/ 29 604 25 0 0 433 90 56
09/ 30 603 23 0 0 436 86 58
Tot al 969, 684 512,581 7,698 246, 144 78,588 96,167 28,505
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APPENDI X B

Appendi x Bl.-Adjusted daily sonar count and speci es conposition on

t he east bank of the Togi ak R ver, Alaska during June-Septenber 1990.
Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
06/ 25 456 456 0 0 0 0 0
06/ 26 406 406 0 0 0 0 0
06/ 27 935 935 0 0 0 0 0
06/ 28 964 964 0 0 0 0 0
06/ 29 788 788 0 0 0 0 0
06/ 30 4,146 4,146 0 0 0 0 0
07/ 01 4,228 4,228 0 0 0 0 0
07/ 02 5,037 5,037 0 0 0 0 0
07/ 03 3,925 3,925 0 0 0 0 0
07/ 04 2,802 2,802 0 0 0 0 0
07/ 05 1, 690 1, 690 0 0 0 0 0
07/ 06 4,136 4, 030 0 106 0 0 0
07/ 07 1,941 1,891 0 50 0 0 0
07/ 08 7,890 7,591 0 100 0 200 0
07/ 09 12, 626 12, 109 0 235 0 282 0
07/ 10 7,675 7,471 45 158 0 0 0
07/ 11 9, 768 9, 247 0 195 0 326 0
07/ 12 9,111 8,518 54 216 0 323 0
07/ 13 10, 814 10, 055 63 316 0 379 0
07/ 14 14,128 13, 137 83 413 0 496 0
07/ 15 15, 361 12, 458 134 1,116 0 1,652 0
07/ 16 9,673 6, 973 450 2,025 0 225 0
07/ 17 10, 023 6, 960 557 2,367 0 139 0
07/ 18 11, 678 8, 554 39 1, 250 0 1,836 0
07/ 19 12,674 10, 748 0 561 0 1,243 120
07/ 20 11, 226 10, 478 68 340 0 340 0
07/ 21 9, 658 9,014 59 293 0 293 0
07/ 22 11, 543 10, 774 70 350 0 350 0
07/ 23 17, 254 15, 636 90 1,078 0 449 0
07/ 24 15, 749 14, 390 0 663 0 696 0
07/ 25 13, 950 11, 890 34 1, 250 0 777 0
07/ 26 12, 886 8,921 0 3,634 0 0 330
07/ 27 14, 402 9, 970 0 4, 062 0 0 369
07/ 28 11, 872 7,265 0 2,835 0 1,772 0
07/ 29 12,019 7,355 0 2,870 0 1,79%4 0
07/ 30 9, 795 6, 530 544 1, 905 0 816 0
07/ 31 9,193 6, 129 511 1,788 0 766 0
08/ 01 13, 892 7,874 64 3,041 0 2,849 64
08/ 02 19, 960 14, 301 103 3,910 0 1,543 103
08/ 03 13, 452 3, 464 18 1, 566 18 8,385 0
08/ 04 16, 094 8, 008 0 864 0 7,222 0
08/ 05 16, 524 4,986 0 801 0 10,737 0
08/ 06 14, 925 4, 653 0 1, 336 0 8,430 507
08/ 07 15,992 9, 478 0 2,327 0 4,188 0
08/ 08 10, 654 5,120 0 1, 862 52 3,568 52
08/ 09 11, 201 4,972 0 570 0 5,640 20
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Appendi x B1. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
08/ 10 9, 000 3,893 0 464 0 4,643 0
08/ 11 8, 499 3,676 0 438 0 4,384 0
08/ 12 7,374 3,190 0 380 0 3,804 0
08/ 13 5, 398 2,575 0 1,578 0 1,163 83
08/ 14 6, 487 3, 686 0 737 0 2,064 0
08/ 15 5,923 2,446 129 773 386 2,060 129
08/ 16 5, 025 1,874 85 511 511 1,874 170
08/ 17 5,787 2,077 0 742 297 2,226 445
08/ 18 2,861 1,027 0 367 147 1,100 220
08/ 19 2,063 117 0 78 0 817 1,051
08/ 20 2,257 976 0 244 305 488 244
08/ 21 2,457 799 0 61 307 430 860
08/ 22 1, 866 607 0 47 233 327 653
08/ 23 2,527 821 0 63 316 442 884
08/ 24 1,475 825 0 32 428 190 0
08/ 25 956 534 0 21 278 123 0
08/ 26 1,159 648 0 25 336 150 0
08/ 27 929 519 0 20 270 120 0
08/ 28 1,143 529 0 28 453 123 9
08/ 29 2,285 240 0 80 1,764 80 120
08/ 30 1,531 109 0 27 1,203 82 109
08/ 31 1,393 59 0 15 1,173 117 29
09/ 01 1,561 63 0 16 1,325 126 32
09/ 02 1,232 50 0 12 1, 045 100 25
09/ 03 1,674 86 0 0 1,373 172 43
09/ 04 2,354 141 0 0 2,003 141 70
09/ 05 1,768 104 0 0 1,508 104 52
09/ 06 1,684 92 0 0 1,562 0 31
09/ 07 1,283 0 0 41 1,241 0 0
09/ 08 1, 555 68 0 34 1,420 34 0
09/ 09 1,422 62 0 31 1,298 31 0
09/ 10 891 33 0 17 825 17 0
09/ 11 597 21 0 10 555 10 0
09/ 12 507 27 0 0 467 13 0
09/ 13 802 80 0 0 722 0 0
09/ 14 1,404 0 0 0 1,404 0 0
09/ 15 708 0 0 0 708 0 0
09/ 16 610 0 0 0 610 0 0
09/ 17 786 0 0 0 786 0 0
Tot al 544, 346 358,377 3,199 53, 344 27,329 95,271 6,826
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Appendi x B2.-Adj usted daily sonar count and speci es conposition on

t he west bank of the Togi ak R ver, Alaska during June-Septenber 1990.
Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
06/ 25 214 198 11 5 0 0 0
06/ 26 104 96 5 3 0 0 0
06/ 27 132 122 7 3 0 0 0
06/ 28 141 130 7 4 0 0 0
06/ 29 497 460 25 12 0 0 0
06/ 30 963 891 48 24 0 0 0
07/ 01 1,953 1, 807 98 49 0 0 0
07/ 02 2,181 2,017 109 55 0 0 0
07/ 03 2,448 2,387 61 0 0 0 0
07/ 04 1,755 1,711 44 0 0 0 0
07/ 05 656 640 16 0 0 0 0
07/ 06 3,014 2,778 59 177 0 0 0
07/ 07 6, 269 5,777 123 369 0 0 0
07/ 08 7,709 7,104 151 453 0 0 0
07/ 09 9, 681 9, 461 0 220 0 0 0
07/ 10 10, 172 9, 405 0 768 0 0 0
07/ 11 9,193 8, 756 0 438 0 0 0
07/ 12 6, 796 6,178 0 412 0 206 0
07/ 13 4,160 2,684 403 805 0 268 0
07/ 14 10, 469 6, 755 1,013 2,026 0 675 0
07/ 15 10, 951 7,065 1,060 2,120 0 707 0
07/ 16 12, 690 9, 870 705 2,115 0 0 0
07/ 17 9, 698 2,910 970 5, 819 0 0 0
07/ 18 12, 287 7,021 658 4,608 0 0 0
07/ 19 13, 027 11, 053 0 1,579 0 197 197
07/ 20 9, 832 7,194 480 2,158 0 0 0
07/ 21 11, 536 8, 441 563 2,532 0 0 0
07/ 22 10, 202 7,465 498 2,239 0 0 0
07/ 23 11, 940 4,776 398 6, 766 0 0 0
07/ 24 11, 084 9, 265 28 843 0 947 0
07/ 25 9, 206 6, 625 0 2,511 0 70 0
07/ 26 7,628 6, 241 0 1, 348 0 39 0
07/ 27 9, 432 7,717 0 1, 667 0 48 0
07/ 28 8, 502 6, 513 0 1,911 0 78 0
07/ 29 10, 001 7,662 0 2,248 0 92 0
07/ 30 10, 149 3, 443 181 6, 162 0 181 181
07/ 31 11, 145 3,781 199 6, 767 0 199 199
08/ 01 8, 428 4,909 148 2,070 0 1,242 59
08/ 02 7,581 3, 463 0 3,744 0 281 94
08/ 03 6, 425 1,435 0 1, 826 0 3,163 0
08/ 04 10, 076 2,879 206 2,879 0 4,113 0
08/ 05 9, 580 860 0 322 0 8,398 0
08/ 06 3,764 1, 389 0 358 0 1,927 90
08/ 07 4, 837 1, 307 131 2,222 0 1,089 87
08/ 08 6, 561 3, 888 243 1,033 122 1,033 243
08/ 09 8, 351 4,051 312 1,994 125 1,059 810
08/ 10 7,036 3, 347 124 868 0 2,604 93
08/ 11 6, 629 3,154 117 818 0 2,453 88
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Appendi x B2. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
08/ 12 4,944 2,352 87 610 0 1,830 65
08/ 13 2,501 1, 330 638 213 0 266 53
08/ 14 3, 020 1,426 84 1, 342 0 168 0
08/ 15 2,254 1,172 316 316 135 225 90
08/ 16 3,111 1, 606 602 401 100 301 100
08/ 17 2,522 1, 368 513 214 85 299 43
08/ 18 1,378 747 280 117 47 163 23
08/ 19 1,042 280 0 51 51 635 25
08/ 20 1,501 662 44 44 132 574 44
08/ 21 1, 480 870 44 305 44 218 0
08/ 22 1, 289 758 38 265 38 190 0
08/ 23 943 555 28 194 28 139 0
08/ 24 497 312 12 81 23 58 12
08/ 25 677 425 16 110 31 79 16
Tot al 364, 244 230,944 11, 899 81, 614 961 36,213 2,613
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Appendi x B3.-Adjusted daily sonar count and speci es conposition on

bot h banks of the Togi ak River, Al aska during June-Septenber 1990.
Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
06/ 25 670 654 11 5 0 0 0
06/ 26 510 502 5 3 0 0 0
06/ 27 1, 067 1, 057 7 3 0 0 0
06/ 28 1,105 1,094 7 4 0 0 0
06/ 29 1, 285 1, 248 25 12 0 0 0
06/ 30 5,109 5,037 48 24 0 0 0
07/ 01 6, 181 6, 035 98 49 0 0 0
07/ 02 7,218 7,054 109 55 0 0 0
07/ 03 6, 373 6, 311 61 0 0 0 0
07/ 04 4, 557 4,513 44 0 0 0 0
07/ 05 2, 346 2,330 16 0 0 0 0
07/ 06 7,150 6, 807 59 283 0 0 0
07/ 07 8, 210 7,669 123 419 0 0 0
07/ 08 15, 599 14, 695 151 553 0 200 0
07/ 09 22, 307 21,570 0 455 0 282 0
07/ 10 17, 847 16, 876 45 926 0 0 0
07/ 11 18, 961 18, 002 0 633 0 326 0
07/ 12 15, 907 14, 696 54 628 0 529 0
07/ 13 14,974 12,739 466 1,121 0 648 0
07/ 14 24,598 19,891 1,096 2,439 0 1,171 0
07/ 15 26, 312 19,523 1,194 3, 236 0 2,359 0
07/ 16 22, 363 16,844 1,155 4,140 0 225 0
07/ 17 19,721 9,870 1,527 8, 186 0 139 0
07/ 18 23, 965 15, 575 697 5, 857 0 1,836 0
07/ 19 25,701 21, 802 0 2,141 0 1,441 318
07/ 20 21, 058 17,672 548 2,498 0 340 0
07/ 21 21,194 17, 455 621 2,825 0 293 0
07/ 22 21, 745 18, 238 568 2,589 0 350 0
07/ 23 29,194 20, 412 488 7,844 0 449 0
07/ 24 26, 833 23, 655 28 1, 506 0 1,644 0
07/ 25 23, 156 18, 515 34 3,760 0 847 0
07/ 26 20, 513 15, 162 0 4,983 0 39 330
07/ 27 23,834 17, 687 0 5,729 0 48 369
07/ 28 20, 373 13,777 0 4,746 0 1,850 0
07/ 29 22,020 15, 016 0 5,118 0 1,886 0
07/ 30 19, 944 9,973 725 8, 067 0 997 181
07/ 31 20, 339 9, 910 710 8, 554 0 965 199
08/ 01 22, 320 12,783 212 5,111 0 4,091 123
08/ 02 27,541 17,764 103 7,654 0 1,824 196
08/ 03 19, 877 4,899 18 3,393 18 11,548 0
08/ 04 26, 169 10, 886 206 3,742 0 11,335 0
08/ 05 26, 104 5, 846 0 1,123 0 19,135 0
08/ 06 18, 690 6, 042 0 1,694 0 10, 357 596
08/ 07 20, 829 10, 785 131 4,549 0 5,277 87
08/ 08 17, 215 9, 008 243 2,895 173 4,601 295
08/ 09 19, 552 9, 023 312 2,564 125 6,699 830
08/ 10 16, 035 7,240 124 1,332 0 7,246 93
08/ 11 15, 128 6, 830 117 1, 256 0 6,837 88
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Appendi x B3. - Cont i nued

Dat e Tot al Sockeye Chi nook Chum Coho Pi nk O her
08/ 12 12, 318 5, 542 87 990 0 5,634 65
08/ 13 7,899 3,905 638 1,791 0 1,429 136
08/ 14 9, 507 5,112 84 2,080 0 2,232 0
08/ 15 8,177 3,618 444 1,088 522 2,286 219
08/ 16 8,137 3, 480 687 913 611 2,175 271
08/ 17 8, 309 3, 445 513 956 382 2,525 488
08/ 18 4,239 1,774 280 484 193 1,264 243
08/ 19 3,105 396 0 129 51 1,453 1,076
08/ 20 3,758 1,638 44 288 437 1,062 288
08/ 21 3,937 1, 669 44 366 351 648 860
08/ 22 3,155 1, 365 38 312 271 516 653
08/ 23 3,470 1,376 28 257 344 581 884
08/ 24 1,972 1,137 12 113 451 248 12
08/ 25 1,632 959 16 131 309 202 16
08/ 26 1, 159 648 0 25 336 150 0
08/ 27 929 519 0 20 270 120 0
08/ 28 1,143 529 0 28 453 123 9
08/ 29 2,285 240 0 80 1,764 80 120
08/ 30 1,531 109 0 27 1,203 82 109
08/ 31 1,393 59 0 15 1,173 117 29
09/ 01 1,561 63 0 16 1,325 126 32
09/ 02 1,232 50 0 12 1, 045 100 25
09/ 03 1,674 86 0 0 1,373 172 43
09/ 04 2,354 141 0 0 2,003 141 70
09/ 05 1,768 104 0 0 1,508 104 52
09/ 06 1,684 92 0 0 1,562 0 31
09/ 07 1,283 0 0 41 1,241 0 0
09/ 08 1, 555 68 0 34 1,420 34 0
09/ 09 1,422 62 0 31 1,298 31 0
09/ 10 891 33 0 17 825 17 0
09/ 11 597 21 0 10 555 10 0
09/ 12 507 27 0 0 467 13 0
09/ 13 802 80 0 0 722 0 0
09/ 14 1,404 0 0 0 1,404 0 0
09/ 15 708 0 0 0 708 0 0
09/ 16 610 0 0 0 610 0 0
09/ 17 786 0 0 0 786 0 0
Tot al 908, 590 589, 321 15,098 134,958 28,290 131,484 9,439
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APPENDI X C

Appendi x Cl.-Mean |l ength and sex ratio of chinook sal non captured in
t he beach seine and in 12, 14, and 20 cm stretch nmesh gill nets in the
Togi ak Ri ver, Al aska during 1988 and 1990.

Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1988

Mal e 12 cm G | | net 6 597.3 184.9 416-916

Fermle 12 cm G |1 net 4 806.8 146.7 587- 889

Al l 12 cm G | | net 10 681.1 194.6 416-916 1.0:0.7 60: 40

Mal e 14 cm Gl net 1 636.0 - _

Fenrale 14 cm G || net 0 - - - - -

Al l 14 cm G || net 1 636.0 - _ 1.0:0.0 100:0

Mal e 20 cm G || net 9 851.2 116.5 672- 1007

Fermle 20 cm G |1 net 48 895.5 52.1 766- 976

Al l 20 cm G || net 57 888.4 67.2 672-1007 1.0:5.3 16: 84

Al l Beach Sei ne 0 - - - - -

Mal e Conbi ned CGear 16 742.6 186.9 416- 1007

Femal e Conbi ned CGear 52 888.6 66. 1 587-976

Al l Conbi ned CGear 68 853.7 123.2 416- 1007 1.0:3.3 24: 76

1990

Mal e 12 cm G | | net 14 773.9 168.9 496- 955

Fermle 12 cm G |1 net 8 772.6 134.9 542-907

Al l 12 cm G | | net 22 773.4 154.0 496- 955 1.0:0.6 64: 36

Mal e 14 cm G || net 4 591.8 119.2 447-734

Fenrale 14 cm G || net 7 807.1 65.5 739- 945

Al l 14 cm G || net 11 728.8 136.6 447-945 1.0:1.8 36: 64

Mal e 20 cm G | | net 19 689.8 190.6 417-985

Ferale 20 cm G |1 net 12 838.8 45.8 753-929

Al l 20 cm G | | net 31 747.5 167.4 417-985 1.0:0.6 61: 39

Mal e Beach Sei ne 0 - - - - -

Fenmal e Beach Sei ne 2 848.5 30.4 827-870

Al l Beach Sei ne 2 848.5 30.4 827-870 1.0:0.0 100:0

Mal e Conbi ned CGear 37 711.0 181.7 417-985

Femal e Conbi ned CGear 29 813.6 84.7 542-945

Al l Conbi ned CGear 66 756.1 154.9 417-985 1.0:0.8 56: 44
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Appendi x C1. - Cont i nued.

Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1988/ 1990

Mal e 12 cm G | | net 20 720.9 188.2 416- 955

Fermle 12 cm G |1 net 12 784.0 133.2 542-907

Al l 12 cm G | | net 32 744.6 170.2 416- 955 1.0:0.6 63: 37

Mal e 14 cm G || net 5 600.6 105.1 447-734

Fenrale 14 cm G || net 7 807.1 65.5 739- 945

Al l 14 cm G || net 12 721.1 132.9 447-945 1.0:1. 4 42:58

Mal e 20 cm G | | net 28 741.7 184.8 417- 1007

Fermle 20 cm G |1 net 60 884.0 55.5 753- 976

Al l 20 cm G | | net 88 838.2 131.4 417-1007 1.0:2.1 32: 68

Mal e Beach Sei ne 0 - - - - -

Fenal e Beach Sei ne 2 848.5 30.4 827-870

Al l Beach Sei ne 2 848.5 30.4 827-870 1.0:0.0 100:0

Mal e Conbi ned CGear 53 720.5 182.0 416- 1, 007

Femal e Conbi ned CGear 81 861.4 81.4 542-976

Al l Conbi ned CGear 134 805.3 147.7 416-1,007 1.0:1.5 40: 60
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Appendi x C2.-Mean |l ength and sex ratio of chum sal non captured in the
and 20 cm stretch mesh gill nets in the

beach seine and in 12, 14,

Togi ak Ri ver, Al aska during 1988 and 1990.
Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1988

Mal e 12 cm G | | net 426 616.2 28.9 540- 725

Fermle 12 cm G |1 net 68 581.9 29.5 502- 667

Al l 12 cm G | | net 494 611.5 31.3 502- 725 1.0:0.2 86: 14
Mal e 14 cm G || net 28 631.0 26.6 573- 695

Fenrale 14 cm G || net 3 589.0 17. 3 579- 609

Al l 14 cm G || net 31 626.9 28.5 573- 695 1.0:0.1 90: 10
Mal e 20 cm G | | net 21 641.4 21.5 604-674 1.0:0.0 100:0
Ferale 20 cm G || net 0 - - -

Al l 20 cm G || net 21 641.4 21.5 604-674 1.0:0.0 100:0
Mal e Beach Sei ne 2 643.0 24.0 626- 660

Fenal e Beach Sei ne 1 620.0 - 620

Al l Beach Sei ne 3 635.3 21.6 620- 660 1.0:0.5 67: 33
Mal e Conbi ned CGear 477 618.3 29.1 540- 725

Femal e Conbi ned CGear 72 582.7 29.2 502- 667

Al l Conbi ned CGear 549 613.7 31.5 502- 725 1.0:0.2 87: 13

1990

Mal e 12 cm G | | net 151 581.1 34.9 484- 653

Fermle 12 cm G |1 net 59 525.4 35.0 467-599

Al l 12 cm G | | net 210 565.5 42.9 467- 653 1.0:0.4 72: 28
Mal e 14 cm G || net 80 615.8 37.5 524-703

Fermle 14 cm G || net 23 549.3 42.3 481- 638

Al l 14 cm G || net 103 601.0 47. 4 481- 703 1.0:0.3 78: 22
Mal e 20 cm G | | net 39 620.9 34.1 557-701 1.0:0.0 100:0
Ferale 20 cm G || net 0 - - - - -

Al l 20 cm G | | net 39 620.9 34.1 557-701 1.0:0.0 100:0
Mal e Beach Sei ne 33 590.5 45. 4 410- 669

Fenmal e Beach Sei ne 25 541.1 27.7 450- 703

Al l Beach Sei ne 58 569.2 45.7 410- 703 1.0:0.8 57: 43
Mal e Conbi ned CGear 303 596.4 40. 4 484- 703

Femal e Conbi ned CGear 107 534.2 36.3 450- 638

Al l Conbi ned CGear 410 580.2 47.9 450- 703 1.0:0.4 74: 26
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Appendi x C2. - Cont i nued.

Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1988/ 1990
Mal e 12 cm G | | net 577 607.1 34.3 484-725

Fermle 12 cm G |1 net 127 555.7 42.7 467- 667

Al l 12 cm G | | net 704 597.8 41.0 467-725 1.0:0.2 82: 18
Mal e 14 cm G || net 108 619.8 35.5 524-703

Fermle 14 cm G |1 net 26 553.8 42.0 481- 638

Al l 14 cm G || net 134 607.0 45.1 481- 703 1.0:0.2 81: 19
Mal e 20 cm G | | net 60 628.1 31.7 557-701 1.0:0.0 100:0
Ferale 20 cm G || net 0 - - -

Al l 20 cm G | | net 60 628.1 31.7 557-701 1.0:0.0 100:0
Mal e Beach Sei ne 35 593.5 46.0 488- 669

Fenal e Beach Sei ne 26 544.1 31.3 450- 620

Al l Beach Sei ne 61 572.4 47.0 450- 669 1.0:0.7 57: 43

Mal e Conbi ned Cear 780 609. 35.6 484- 725
Fermal e Conbi ned Cear 179 553. 41.1 450- 667
All Conbi ned Cear 959 599.3 42. 7 450- 725 1.0:0.2 81:19

~ 00
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Appendi x C3.-Mean |l ength and sex ratio of coho sal non captured in the
nets in the

beach seine and in 12, 14,

and 20 cm stretch mesh gill

Togi ak Ri ver, Al aska during 1987, 1988 and 1990.
Length
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1987

Al l 12 cm G | | net 0 - - - -
Mal e 14 cm G || net 163 592.9 46.5 429-690

Fermle 14 cm G |1 net 93 588.4 38.5 484- 671

Al l 14 cm G || net 256 591.3 43.7 429-690 1.0:0. 64: 36
Al l 20 cm G | | net 0 - - - -
Mal e Beach Sei ne 11 567.1 53.0 474- 650

Fenal e Beach Sei ne 1 646.0 0.0 646- 646

Al l Beach Sei ne 12 573.7 55.4 474- 650 1.0:0. 92: 8
Mal e Conbi ned CGear 174 591.3 47.2 429-690

Femal e Conbi ned CGear 94 589.0 38.8 484- 671

Al l Conbi ned CGear 268 590.5 44. 3 429-690 1.0:0. 65: 35

1988

Mal e 12 cm G | | net 99 584.5 52.1 431-674

Fermle 12 cm G |1 net 108 587.2 38.3 471- 645

Al l 12 cm G | | net 207 585.9 45. 3 431-674 1.0: 1. 48: 52
Mal e 14 cm G || net 85 616.8 38.7 483- 693

Fermle 14 cm G |1 net 109 599.4 32.5 483- 698

Al l 14 cm G || net 194 607.0 36.3 483- 698 1.0: 1. 44: 56
Mal e 20 cm G | | net 0 - - -

Ferale 20 cm G |1 net 1 557.0 - 557 0.0: 1. 100: 0
Al l 20 cm G | | net 1 557.0 - 557 0.0: 1. 100: 0
Al l Beach Sei ne 0 - - - -
Mal e Conbi ned CGear 184 599.4 49.0 431-693

Femal e Conbi ned CGear 218 593.2 36.0 471-698

Al l Conbi ned CGear 402 596.0 42.5 431-698 1.0: 1. 46: 54
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Appendi x C3. - Cont i nued.

Length _ Sex
Year Cear Type N  Mean SD Range (s 9) (s 9)
1990

Mal e 12 cm G I | net 132 590.0 40. 3 479-671
Female 12 cm G I net 113 580.4 36. 2 450- 641
Al l 12 cm G I | net 245 585.6 38.6 450- 671 1.0:0.9 54: 46
All 14 cm G | | net 0 - - - - -
All 20 cm G I | net 0 - - - - -
All Beach Seine 0 - - - - -

Mal e Conbi ned Cear 132 590.0 40. 3 479-671
Fermal e Conbi ned Cear 113 580.4 36. 450- 641
All Conbi ned Cear 245 585.6 38.6 450-671 1.0:0.9 54: 46

N

1987/ 1988/ 1990

Mal e 12 cm G | | net 231 587.

(o)]

45.7 431-674

Fermle 12 cm G |1 net 221 583.7 37.3 450- 645

Al l 12 cm G | | net 452 585.7 41.8 431-674 1.0:1.0 51: 49
Mal e 14 cm G || net 248 601.1 45. 3 429-693

Fermle 14 cm G |1 net 202 594.4 35.7 483- 698

Al l 14 cm G || net 450 598.1 41. 4 429-698 1.0:0.8 55: 45
Mal e 20 cm G | | net 0 - - -

Ferale 20 cm G || net 1 557.0 - -

Al l 20 cm G | | net 1 557.0 - - 0.0:1.0 100:0
Mal e Beach Sei ne 11 571.6 52.2 474- 650

Fenal e Beach Sei ne 1 646.0 0.0 646- 646

Al l Beach Sei ne 12 573.7 55.4 474- 650 1.0:0.2 83: 17
Mal e Conbi ned CGear 490 593.9 46. 2 429-693

Femal e Conbi ned CGear 425 588.9 37.0 450- 698

Al l Conbi ned CGear 915 591.6 42.2 429-698 1.0:0.9 54: 46
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Appendi x C4.-Mean |l ength and sex ratio of pink salnon captured in the

beach seine and in 12, 14,

and 20 cm stretch mesh gill

nets in the

Togi ak Ri ver, Al aska during 1990.
Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1990

Mal e 12 cm G | | net 60 438.7 30.0 379-503

Fermle 12 cm G |1 net 64 430.0 15. 7 381-481

Al l 12 cm G | | net 124 434.2 24.0 379-503 1.0:1.1 48: 52
Mal e 14 cm G || net 7 443.9 23.7 413- 486

Fenrale 14 cm G || net - - - -

Al l 14 cm G || net 7 443.9 23.7 413- 486 1.0:0.0 100:0
Mal e 20 cm G | | net - - - -

Ferale 20 cm G || net - - - -

Al l 20 cm G | | net - - - - - -
Mal e Beach Sei ne 35 424.5 27.7 380- 485

Fenal e Beach Sei ne 34 412.0 24. 7 354- 456

Al l Beach Sei ne 69 418.3 26.8 354- 485 1.0:1.0 51: 49
Mal e Conbi ned CGear 102 434.2 29.3 379-503

Femal e Conbi ned CGear 98 423.7 21.0 354-481

Al l Conbi ned CGear 200 429.1 26.1 354-503 1.0:1.0 51: 49
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Appendi x C5.-Mean |l ength and sex ratio of sockeye sal non captured in
t he beach seine and in 12, 14, and 20 cm stretch mesh gill nets in the
Togi ak Ri ver, Al aska during 1988 and 1990.

Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1988

Mal e 12 cm G | | net 190 603.1 29.4 472-692

Fermle 12 cm G |1 net 257 567.0 28.9 461- 633

Al l 12 cm G | | net 447 582.3 34.1 461-692 1.0:1. 4 43: 57

Mal e 14 cm G || net 43 609.2 23.4 550- 648

Fermle 14 cm G |1 net 50 573.8 25.0 517-623

Al l 14 cm G || net 93 590.2 30.0 517- 648 1.0:1.2 46: 54

Mal e 20 cm G | | net 8 628.1 23.2 586- 653

Ferale 20 cm G || net 3 564.0 18.0 549-584

Al l 20 cm G || net 11 610.6 36.6 549- 653 1.0:0.4 73: 27

Mal e Beach Sei ne 10 603.8 32.8 544- 660

Fenal e Beach Sei ne 12 564.3 26.2 513- 603

Al l Beach Sei ne 22 582.2 35.0 513- 660 1.0:1.2 45: 55

Mal e Conbi ned CGear 251 604.9 28.7 472-692

Femal e Conbi ned CGear 322 568.1 27.9 461- 633

Al l Conbi ned CGear 573 584.4 33.7 461-692 1.0:1.3 44: 56

1990
Mal e 12 cm G | | net 40 550.8 39.0 486- 637
Fermle 12 cm G |1 net 33 519.6 39.2 458- 594

All 12 cm G | | net 73 536.7 41.9 458- 637 1.0:0.8 55: 45

Mal e 14 cm G || net 233 572.

©

39.3 472-650

Fermle 14 cm G || net 199 543.3 33.9 454- 608
Al l 14 cm G || net 432 559.2 39.7 454- 650 1.0:0.9 54: 46
Mal e 20 cm G | | net 7 573.1 34.0 513-624
Ferale 20 cm G |1 net 12 536.8 35.7 454-573
Al l 20 cm G | | net 19 550.2 38.6 454- 624 1.0:1. 7 37: 63
Mal e Beach Sei ne 44 552.7 45.8 424-630
Fenmal e Beach Sei ne 60 524.0 39.9 403- 595
Al l Beach Sei ne 104 536.1 44. 6 403- 630 1.0:1. 4 42:58
Mal e Conbi ned CGear 324 567.4 41.0 424- 650
Femal e Conbi ned CGear 304 536.6 36.9 403- 608
Al l Conbi ned CGear 628 552.5 42.0 403- 650 1.0:0.9 52: 48
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Appendi x C5. - Cont i nued.

Length Sex
_Ratio Percent
Year Cear Type N  Mean SD Range (s 9) (s 9)
1988/ 1990

Mal e 12 cm G | | net 230 594.0 37.0 472-692

Fermle 12 cm G |1 net 290 561.6 33.7 458- 633

Al l 12 cm G | | net 520 575.9 38.7 458- 692 1.0:1.3 44: 56

Mal e 14 cm G || net 276 578.5 39.5 472- 650

Fermle 14 cm G |1 net 249 549.4 34.5 454- 623

Al l 14 cm G || net 525 564.7 39.9 454- 650 1.0:0.9 53: 47

Mal e 20 cm G | | net 15 602.5 39.6 513- 653

Fermle 20 cm G |1 net 15 542.3 34.3 454- 584

Al l 20 cm G | | net 30 572.4 47.6 454- 653 1.0:1.0 50: 50

Mal e Beach Sei ne 54 562.2 47.8 424- 660

Fenal e Beach Sei ne 72 530.7 40.7 403- 603

Al l Beach Sei ne 126 544.2 46. 4 403- 660 1.0:1.2 43: 57

Mal e Conbi ned Cear 575 583.8 40. 6 424-692
Fermal e Conbi ned Cear 626 552.7 36. 403- 633
All Conbi ned Gear 1,201 567.6 41. 4 403- 692 1.0:1.1 48: 52

N
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